). Adding radiation to chemotherapy has no significant improvement in survival. S-1 and gemcitabine plus capecitabine are currently the most effective adjuvant therapies for pancreatic cancer. While S1 has only been validated in Asian people, higher toxicity is an issue for gemcitabine plus capecitabine.
INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer-related death with a 5-year survival rate of less than 7% [1] . Despite the continuous progress and development of surgery, prognosis has hardly improved due to the high propensity of tumor relapse [2, 3] . Adjuvant treatment has been advocated to decrease tumor recurrence and prolong overall survival (OS) after surgery resection. Several major adjuvant treatments including pre-operative chemotherapy (neoadjuvant chemotherapy), chemotherapy, chemoradiation (CRT) and chemotherapy plus chemoradiation have been used for more than thirty years.
As compare to post-operative chemotherapy, neoadjuvant chemotherapy is not affected by surgeryrelated complications and has potential advantages to improve rates of R0 resection, but randomized trials did not show a significant benefit [4, 5] . Previous studies involving CRT showed no survival benefit following pancreatic resection but increased adverse effects [6] [7] [8] .
Mounting evidence shows that adjuvant chemotherapy can improve overall OS and relapse-free survival (RFS) in postoperative patients with pancreatic cancer. However, various chemotherapy regimens exist and the outcomes of these regimens remain controversial.
Gastrointestinal Tumor Study Group (GITSG) firstly indicated a statistically significant improvement in survival with fluorouracil plus CRT [9] . Median survival time in fluorouracil plus CRT group was 20 months vs 11 months in the control group. The European Study Group for Pancreatic Cancer (ESPAC) [6] performed a 2 × 2 factorial trial to compare observation, CRT, fluorouracil, and CRT plus fluorouracil. As compared to no chemotherapy group, chemotherapy group demonstrated a significant survival advantage with median survival time of 19.7 months vs 14.0 months and hazard ratio (HR) for death of 0.66 (95% confidence interval (95% CI) 0·52-0·83). In the Charite Onkologie (CONKO)-001 trial [10, 11] , patients were randomized to adjuvant gemcitabine or observation. The promising results suggested that
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adjuvant gemcitabine could increase OS as well as RFS. ESPAC-3 trial [12] , a large multicenter controlled trial, included 1088 postoperative patients with pancreatic cancer that randomly assigned to gemcitabine (n = 537) or fluorouracil (n = 551). There was no significant difference in OS and RFS between two groups with HR 0.94 (95% CI: 0.81-1.08) and 0.96 (95% CI: 0.84-1.10).
Traditional meta-analysis is unable to assess the effect of more than two chemotherapeutic drugs. In 2013, a network meta-analysis [13] was conducted to solve this problem with indirect comparison via a common comparator when no head-to-head trial existed and combined the direct and indirect comparisons [14, 15] . But this analysis neglected the RFS in patients who undergone surgery resection and previous analytical results now need to be updated as some novel chemotherapy regimens especially S1 and capecitabine have been published in recent years.
In order to reach a relatively general conclusion, we performed a network meta-analysis to compare the efficacy of different adjuvant chemotherapy in terms of 1-year, 3-year and 5-year survival for pancreatic adenocarcinoma patients.
RESULTS

Study characteristics and quality assessment
We identified 4035 studies for review of title and abstract ( Figure 1 ). After initial screening, 32 potentially eligible articles for full text were retrieved. Eight articles from the same research centre and the same author at different follow up, the early four reports were removed [6, 10, 16, 17] . Fourteen trials were included for systematic review. One article was excluded for network metaanalysis due to insufficient data [18] . As a result, 13 studies [7, 9, 11, 12, [19] [20] [21] [22] [23] [24] [25] [26] [27] including 4098 patients and nine regimens were involved in this network meta-analysis (Figure 2) .
A total of 9 chemotherapy regimens including S-1, fluorouracil(F), gemcitabine(G), G plus capecitabine(CP), fluorouracil plus CRT, gemcitabine plus CRT, cisplatin plus epirubicin plus fluorouracil plus gemcitabine plus CRT (PEEG+CRT), gemcitabine plus uracil/tegafur (G+UFT) and fluorouracil plus cisplatin (F+C) were involved. 1407 patients received adjuvant gemcitabine, 784 were treated with fluorouracil and 216 were undergone S-1. Seven articles of surgery alone, four articles of F plus CRT and one article of G plus CRT, G plus CP, G plus uracil/tegafur and F plus cisplatin were reported ( Table 1) .
The most common method of randomization was random numbers generated from computer or a minimization technique. The blinding method was not performed in all trials, but the outcome was not likely to be influenced by lack of blinding in some articles. The included studies seemed to be at low risk of bias by the Cochrane Risk of Bias tool (Figure 3 ). Figure 4B ).
Efficacy of adjuvant chemotherapy
S, G plus CP and F were associated with higher 5-year survival rate than observation (HR (95% CI): 5.09 (1.16-29.83), 4.88 (1.01-31.49) and (2.28, 1.02-6.33 respectively). Gemcitabine and fluorouracil was slightly more effective compared with chemoradiation plus gemcitabine and chemoradiation plus fluorouracil (HR 1.77, 95% CI 0.30-11.98 and HR 1.88, 95% CI 0.60-7.02 respectively) ( Figure 4C ).
We did not performed network analysis for RFS due to the limited number of direct comparative studies. But RFS rates were significantly higher in the S-1 groups than that in G groups (22.9 months vs 11.3 months, HR 0.6, 95% CI 0.47-0.76). Longer, although not significant, RFS than G+CRT was also noted with PEEG+CRT.
Adverse effects
Common side effects are dose-dependent including neutrophil, leucocyte, haemoglobin, platelet levels, fatigue, anorexia and diarrhoea. Some articles reported the number of grade 3-4 anaemia, thrombocytopenia, leucopenia, anorexia and fatigue toxic effects separately (Table 1) . We speculated the overall toxic effects with the largest of these numbers. There was a tendency that gemcitabine plus capecitabine increased toxic effects. Chemoradiation plus gemcitabine was associated with more frequent toxic effects compared with gemcitabine, but this did not reach statistical difference (HR 0.70, 95% CI 0.00, 537.3) ( Figure 4D ).
Rank test
We calculated probabilities of best chemotherapy for each intervention at overall survival ( Figures 5-7 ). Obviously, S-1 ranked best to prolong overall survival in term of 1-and 3-year. S-1 and gemcitabine plus capecitabine were the best efficacious chemotherapy in prolonging 5-year overall survival. F + C might rank worst probability of improving OS at 1-year and 3-year. Similar ranking of chemoradiation plus gemcitabine, fluorouracil and gemcitabine was showed. S-1 chemotherapy ranked the least toxic, whereas gemcitabine plus capecitabine ranked the most toxic (Figure 8 ).
Node split of network meta-analysis
Pair wise meta-analysis did not suggest inconsistency in direct comparison (data not shown). The node-splitting models in our network metaanalysis included F, F+CRT; F, G, F, observation and G, observation. The node-splitting models suggested that there was no statistical difference between direct and indirect comparisons (P > 0.05) ( Table 2 ).
DISCUSSION
The objective of this network meta-analysis was to investigate the optimal chemotherapy in patients with pancreatic adenocarcinoma after resection. We suggest that adjuvant S-1 chemotherapy improves overall survival compare with other remaining chemotherapy regimens but not increases toxic effects.
Network meta-analysis has been widely accepted by clinical researchers and International Health Technology Assessment Organizations with solid statistical foundation. Unlike traditional meta analysis, network meta analysis compares multiple interventions simultaneously, combines direct and indirect comparisons and ranks these interventions according to their efficacy with probabilities. Moreover, despite of no significant difference among all interventions, network analysis could screen the best one or two interventions according to the ranking of possibilities.
Our results showed the HR for 5-year survival was 2.45 and 2.24 in S-1 group in comparison to gemcitabine and fluorouracil. Neoptolemos JP revealed [12] no significant inferiority of fluorouracil in OS and RFS to gemcitabine (HR 0.94, 95% CI 0.81-1.08 and HR 0.96, 95% CI 0.84-1.10). S-1 is a novel oral drug containing tegafur, gimeracil and oteracil which has been widely used for treatment of many types of advanced cancer [28] [29] [30] . Geimidine has a strong and effective dihydropyrimidine dehydrogenase (DPD) selective antagonistic effect, thus inhibit 5-FU catabolism, maintain high concentration of fluorouracil in tumor tissue and enhance antitumor effect of fluorouracil. The GEST Study [27] demonstrated that S-1 was slightly more effective in advanced or metastatic pancreatic cancer in terms of OS compared with gemcitabine (median OS 9.7 vs 8.8 months, HR 0.96, 95% CI 0.78-1.18). However, JASPAC-01 trial showed a significant superiority of S-1 to gemcitabine in OS (HR 0·57, 95% CI 0·44-0·72). They speculated that DPD inhibitory oral fluoropyrimidine including S-1 and uracil/ tegafur might be more effective in the adjuvant setting. Our results do not support this review. We revealed that adjuvant G+UFT did not improve OS compared with observation. The possible reason of improvement of OS in S-1 might be a higher response rate of S-1 than gemcitabine [31] . Another possible reason might be that oral chemotherapy is more acceptable to patients compare with intravenous chemotherapy. The HRs for 5-year survival were 5.09 (1.16, 29.83) for S-1 and 4.88 (1.01, 31.49) for gemcitabine plus capecitabine compared with observation and the two chemotherapy have similar ranking for 5-year survival. However, the HRs for 1-, 3-year survival in S-1 were higher than in gemcitabine plus capecitabine. The main reason for this difference is that 69% of the patients in JASPAC-1 trial had a R0 performance status compared with 42% in ESPAC-4 trial, and 37% had an N0 status in JASPAC-1 compared with 20% in ESPAC-4.
Adjuvant chemoradiation plus gemcitabine, fluorouracil and gemcitabine had similar ranking in survival. Chemoradiation plus fluorouracil did not provide survival benefit compared with fluorouracil. Chemoradiation plus gemcitabine increased toxic effects compared with gemcitabine (HR0.70, 95% CI 0.00, 537.3). Thus, fluorouracil or gemcitabine were more favourable than chemoradiation plus fluorouracil or gemcitabine in terms of the balance between survival benefit and toxic effects.
Our meta-analysis estimates every chemotherapy regimen individually and compares all drugs simultaneously. In 2013, a network meta-analysis was conducted to assess the optimal treatment for resected pancreatic cancer. We updated this analysis and our study also has several strengths. The previous analysis reviewed major adjuvant treatments including chemotherapy and chemoradioation. The results of their analysis showed that CRT did not provide survival benefit but increased toxic effects. Thus, we systematically reviewed all possible chemotherapy (9 regimens) for postoperative pancreatic cancer rather than focusing on only several major chemotherapy drugs. Furthermore, we also reviewed RFS in patients with pancreatic cancer after surgery and draw the rank probability plot to find out which chemotherapy is the best. Median RFS was longer in S-1 group than that in other chemotherapy groups. We suggest that S-1 prolongs overall survival and postpones recurrence and is the optimum treatment regimen.
Major toxic events (grade 3 or 4) available in the S-1 group were abnormal neutrophil, haemoglobin, leucocyte, platelet levels, anorexia, fatigue and diarrhoea. Adjuvant S-1 was associated with less frequent grade 3 or 4 leucopenia, neutropenia, but with more frequent stomatitis and diarrhoea. JASPAC-01 trial showed that 48 (25%) patients in the gemcitabine group and 40 (21%) in the S-1 group stopped treatment before completion due to toxic events; In ESPAC-4 trial, 52 (41%) patients in gemcitabine group and 79 (47%) in gemcitabine plus capecitabine group discontinued treatment because of adverse events. Gemcitabine plus capecitabine was associated with higher frequently toxic events compared with other chemotherapy. Consistent with previous study, our results showed that chemoradiation plus gemcitabine ranked the worst toxic. However, toxic effects in our network analysis need be interpreted with some caution because some articles did not report the overall number of toxic effects.
Some limitations exist in our analysis. A major limitation of our study is that all patients treated with S-1 in our study were from Japan. Difference of pharmacokinetics and pharmacodynamics for S-1 between Westerners and Asians makes it uncertainty to apply our results to European and North American patients [32] . Second, meta-analysis was not conducted on RFS due to insufficient outcome. Third, the sizes were small in patients treated with gemcitabine plus uracil/tegafur and fluorouracil plus cisplatin.
In conclusion, our network meta-analysis suggest that S-1 is the optimum adjuvant chemotherapy for both short and long term survivals in Asian patients with pancreatic cancer after resection, this results need to be assessed in non-Asian patients. Gemcitabine plus capecitabine also has promising outcomes for these patients accompanied with high toxic events. Chemotherapy plus fluorouracil or gemcitabine is inferior to fluorouracil or gemcitabine alone in terms of overall survival and toxic effects.
M ATERIALS AND METHODS
Search strategy
Systematic review was conducted on the base of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [33] . An electronic search of Pubmed, Web of science, Cochrane library databases and Clinical Trials.gov was performed for randomised controlled trials (RCTs) with key words "pancreatic cancer (adenocarcinoma) and adjuvant chemotherapy" until November 2016 in English. We also manually searched reference lists of published articles and included eligible trials in previous meta-analysis [13, 34] .
Criteria for inclusion and exclusion
Inclusion criteria for this study were as follows: (i) all patients were histologically proven pancreatic ductal adenocarcinoma with macroscopically curative resection; (ii) trials were RCTs and patients received adjuvant chemotherapy or chemotherapy plus CRT; (iii) reports mentioned at least one of the outcomes of 1-year, 3-year and 5-year survival rates.
Trials with the following conditions were excluded: (i) advanced or metastatic pancreatic cancer; (ii) nonrandomized design or retrospective analysis; (iii) neoadjuvant therapy or adjuvant CRT.
Data extraction
Three investigators (Jian-Bo Xu, Bin Jiang and Hang Yuan) independently reviewed the full manuscripts of eligible studies and extracted the data from each article including patient characteristics, treatment, registration number and outcomes (OS, RFS and overall grade 3-4 toxic effects). Any discrepancies among investigators were solved by selected quality items and discussion. We used Engauge Digitizer 4.1 to calculate necessary data when they were not report in the article.
Risk of bias and data analysis
The quality of selected articles was independently assessed by two reviewers in accordance with the Cochrane Risk of Bias Tool including random sequence generation, allocation concealment of treatment, blinding, incomplete outcome data, selective outcome reporting and other sources of bias.
We performed the traditional pair-wise metaanalysis and network plot with STATA 12.0. Pair-wise and network meta-analysis was done by automated software Aggregate Data Drug Information System (ADDIS 1.16.8) . This approach combines direct and indirect evidence considering pair of treatments in one joint analysis [35] . Indirect comparison between two treatments requires one common comparator. We used node split model to assess inconsistency between indirect and direct comparisons. The consistency model was used when the node split model was P > 0.05; otherwise, the inconsistency model was done. Treatments were ranked for each outcome based on their probabilities. We calculated the HRs for each treatment by comparing with other treatments sequentially. Chemotherapy regimens were ranked based on their posterior probabilities. Toxic effects analysis was done as described previously [13] . We also produced the rank probability plot to find out the best chemotherapy. 
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